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Method and Apparatus for Locating Naturally Occurring 
Subsurface Petroliferous Deposits 



We, The Atlantic Refining Company, 
a corporation organized omder the Islws of 
tiie State of Pennsylvania, Unitsed States of 
America, of 260 South Broad Street, Fhila- 
ddpSiia 1, State of Pennsylvania, United! 
States of America, do hereby dedare lie 
invention, for wiiidh vre pray liiat a patent 
may be granted to lis, and the mediod by 
whidj it is to be performed, to be par- 
ticularly described' ia and by the following 
statement: — 

Tlie present invention relates to a method 
and apparatus for exploring for petroliferous 
deposits. More particularly, the present 
invention relates to an air-borne method andl 
a surface method andi apparatus for locatintc 
subterranean petroliferous deposits. In a still 
more specific aspect, the present invention 
relates to an air-ljomc method and at^Datatus 
for hydrocarbon seeus detection which is 
sudted to high-speed, large area reconnaissance 
idissions. 

The relentiess search for oil deposits dtiring! 
the past several decades has covered most 
of the civilized and! accesssible areas of the 
world's surface. Today, the search is bein^f 
extended into the vast reaches of the arctic 
and the tropics as well as inaccessible deserts 
and mountainous terrain. As this search 
estendls into the moie remote and inaccessible 
regions of the world, the need for an explora- 
tion tool suitable for high-speedy large area 
reconnaissance becomes more pressing. 

Presendy-used methods and svstems, while 
in most cases adequate for their ori^nal 
purposes, do not meet the need for a H^hr 
speed, hi^y mobile reconnaissance tool for* 
pinnointing areas of interest in vast un-^ 
explored regions. Conventional seismic reflec- 
tion and refraction! prospecting electrical 
prospecting, magnetic prospecting, gravi- 
metric prospecting, radioactive prospecting:* 
geochemical prosp^ng, etc., are extremely 



limitod in their applications since they must 
traverse the earth's surface anc^ therefore, 
are restricted in their speed andl noaneuvera- 
bility. Water-borne devices conducting seismic 
operations, seeps detection and allied explora- 
tions arc similarly restricted to traversing 
water covered areas. Their speed andl 
maneuverability are likewise limited. 

Although air-borne radioactive^ gravimetric, 
and magnetic surveys have been conducted, 
they do not provide enough information for 
a satisfactory large scale reconnaissance tool. 

The air-borne radioactive survey is rela- 
tively new andl has not yet been accepted 
by the industrv since no adequate correlation 
has been found between radioactive anomalies 
and petroliferoos deposits. 

The air-borne gravimetric survey produces 
very gross information: and is therefore 
limited to delineating large continental struc- 
tures, such as rdDuntain ranges, large basins, 
etc. To date, the best readii^ obtained^ by 
air-borne gravimetric surveys are in the 
vicinity of 5 malligals, whereas a sensitivity 
of approximately .1 to .01 miligals is 
required) to detect possible oil-bearing struc- 
tures. 

The air-borne magnetic survey is the only 
type of air-borne survey ^fenerally accepted 
by the industry. Even in tiiis type of opera- 
tion, the iirformationi obtained is very limited. 
Magnetic surveys yield information relating 
essentially to the basement of igneous or 
metamorpihic rocks whicl^ of course, do not 
contain oil deposits. It is not a localizing tool 
and ev^ under the best conditions, the ^stenii 
can only delineate ]ar^ basement anomalies 
whach may or naay not be related to structure. 

AH of the above-descried, air-borne 
methods ^l as large area reconnaissance tooh. 
This is true since the information they yield 
is fimatedl to delmeating very large areas of 
" le interest, These areas must be con- 
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fimieci and fintlier localized by large scale 

• geological or geophysical operations. In other 
wdidsj if the most satisfactory air-borne sur- 
vey system^ is "utilized^ it . can deh'neate an 

5 area of interest on the order of 10,000 to 
100>000 square miles. Ground based 
' geolo^cal or geophysical operations must then 
be used to cbsck likely areas in the 10,000 
to 100,0C^ square mile area. This is in itself 

10 a trem^endous undertaking and cannot be 
carried -out in most areas where a liarge scale 
leconnaissaace .tool is designed to operate. 

According to the invention tfaore is pro- 
-wded a method! of ^ploration for naturally 

15 occurring petroliferous deposits located below 
the surface of the earth by detecting hydro- 
carbons in the atmospJiere in an. area of 
interest arising from srakll volumes of gases 
seeping from the deposits comprising the steps 

20 of (i) - establishing the distribution pattem 
for a pireselccted, irinimumi volume of seeping 

• gas passing into the atmosphere under tl^ 
meterologi^, cultural and topographical con- 
ditions which cdst in the area of survey, 

25 (2) continuously crossing the area of survey 
following a pattem of plural traverses pre- 
" determined by said distribution pattern with 
either an air-bome vdhide or. a surface vehicle 
carrying" a detector for hycbrocarbons dispersed 

30 in tiie atmosphere and capable of selecting 
a portion of ijie atmosphere, (3) continuously 
examining the portions of atmosphere so 
selected during said crossing for at least one 
■ predetermined component and (4) recording 
' 35 tiie presence of said component with relation 
to the geographical location of analysis. 
• • Theie is also provided a prospecting appa- 
ratus for locating naturally occurring sub- 
surface petroliferous deposits by detecting gas 

40 plumes originating therefrom comf^ing an 
air-bome vdiricle having mounted thereon a 
detector capable of sdecting a portion of the 
atmosphere, an indicator in said detector for 
at least one pcedetermin^^ gaseous component 
; 45 and a device for determining the geographical 
position of said portion of tiie atmosphere, ^ 
There is furtiier • provided a prospecting 
• . apparatus for locating naturally oocorring sub- 
surfece petroliferous deposits by detecting gas 

50 plumes ortginatii^ ther^x>mi conxpdsing a 
surface vehicle having mounted' thereon a 
detector of natural ii^rared energy capable 
of selecting a portion of the atmosphere, an 
indicator in- said detector for at least 

55 one predetermined gaseous component and 
a device for determining the geographical 
position of said . portion of tiie 
atmosphere. 

There is still further provided a prospect- 

60. ing appararos for locating naturally occurring 
subsurface petroliferous deposits detecting 
gas ptones originating thfirefrom} comprising 
a surface vehide having mjoimted thereon an 
intake nozzle capable of sdecting a portion 

$5 of iJje atmosphere and pas^ng the selected 



portion to a flame ionization detector for 
detecting the presence in said selected portion 
of the atmosphere of at least one predeter- 
mined gaseotis component, a recorder con- 
nected to the detector and a device for deter- 70 
mining the geographical position of said por- 
tion of tie atmosphere. 

The presence of the comiponent can be 
recorded on a chart. By a chart as used 
m. the spedfication and claims there is meant 75 
a record of any type in which a seep can be 
located in relation to geographical features. 

Briefly, the mvention provides the oil 
indaistry witli the first satisfactory high-apeet^ 
accurate, large scale reconnaissance tool. The 80 
invention itself includes a meth-od of and 
apparatus for pinpomting likely areas of 
petroliferous depoals by locating naturally- 
occurring hydrocarbon seeps fromi an air- 
borne or lands vehicle. The au>bomc capa- 85 
bilities provide fast, economical coverage of 
even remote and inaccessible regions. Tb& 
seep detection capabilities provide a direct 
metiiod for oil exploration and provide tte 
necessary accuracy to pinpoint relatively small 90 
areas emitting hydrocarbon seeps. 

To appredate liie significance of inven- 
tive stops set forth, in the basic method in 
regard to air-bome techniques, it is necessary 
to understand the unique Ijoroblems facing an 95 
air-bome seeps sinvey. These problems are 
reviewed below and) the solutions to. these 
problems are discussed under subheadings 
relating to the basic method and its variations. 

The major problems faced in developing a 100 
practical air-bome seeps survey are entirely 
different from those encountered in a water- 
borne seeps survey as disclosed in United 
States Patent No. 2*918,579^ and in pipe line 
leak detection as disclosed by United States 105 
Patent No. 2,879,663. 

Probably the greatest and most confound- 
ing problems faced by air seeps detection 
are gas plimie diffusion and dispersion. 

In an air-bome seeps operation, the detsc- 110 
tors or analyzers are located great distances 
fromi the seeps sources. Before the hydro- 
carbon plumes from the seeps reach the air- 
bome detectors, thev are subjected to various 
meteorologiad conditions, such as chants: 115 
windi, tem.T?erature, humidity, etc, wluoh 
diffuse and' disperse the .plutres and add 
greatly to the problems of detection and 
location. 

In an artificial condition, such as a stream- 120 
line wind {Lc^, where air flow at a givenj 
period is constant in magnitude and direction), 
a gas plume will mix with air bv virtue of 
molecular diffusion. This type of m^ixing is 
extremely Hmited and the gas jduice {spread 125 
is quite small. However, in natural con- 
ditions, wind is usually quite turbulent due 
to the random motion of various eddies 
present Since the exact nature of eddies is 
not biown^ for purposes of simplicity, tiijc 130 
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discussion will be limitcdi to a known effect 
of edidies, i.e., turbulence. 

In the lower atmosphere at y/hida. seeps 
.plmnes exist, turbulence can originate in both 

5 diermal processes and in mechanical actions. 
Since both, present serious problems to seeps 
detection, the thermal processes will be dis- 
cussed as the first unique problem and then 
the mechanical action will be detailed as the 

10 second unique problem!. 

It is wdl knowa that thermal turbulence 
originates in the instability of layers of air 
receiving heat from the earth whidi, has been 
warmed by solar radiation. It is also well 

15 known that the existence of turbulence ia 
the lower layers of the atmosphere depends 
upon the time of day, state of the uppar layers, 
etc; that is, when the lower layers are not 
receiving or losing heai^ the change in tem>- 

20 perature with height is small aM, thiere- 
• fore, atmospheric stability is neutral and- there 
is littie or no turbulence due to thermal 
processes. Conversely, with a temperature 
lapse; i.e,, when there is a marked fall of 

25 temperature widi height, turbulence is greatly 
increased' causing gas plumes, etc., to diffuse 
rapidly both vertically and horizontally. As 
a rule, lapse conditions continue to prevail 
on dear days from approximately one hour 

30 after sunrise to one hour before sunset. On 
dear, cahm nigjit^ atmospheric turbulence is 
at a mnimumi ^oe the earth's surface 
radiates heat cau^ng an inversion in the tem^ 
peraturc gradient 

35 Although it is dear that the intensity of 
tur^Kdence is related to the mean vertical 
temperature gradient and to wind speed, 
accoidiiig to ex.perimental exidence the two 
quantities appear m a non-dimensional func- 

40 tion (Ridiardson's number) and thus it is 
this number and not the individual quantities 
that determine the strength of the turbulence. 
Hie second serious problem which is 
related to the thermal problem and also 

45 unique to air-borne seeps detection, is d?je 
mechanical action or influence of various 
topographical and cultural olqects^ sudi as 
valleys, forests, mountains, rivers, dtie?, fac- 
tories, etia, on plume dispersion and diffusion. 

50 As in the case of the thermal problemi, the 
prior art detectors are not fac^di with- this 
second problem since they merely follow tiie 
known course o{ a pipe line imder inspection 
thus avoiding . obstacles and staying so close 

55 to possible leaks that dispersion and diffusion 
present no difiBoilty. As pointed out in the 
first, problem discussed turbulence originates 
in medianical actions as well as: thermal 
processes. Friction between the wind and the 

60 surface over whidi it passes produces gusti- 
ness. Referring again to the well know'n 
Richardson's number, it can be stated that 
turbulence appears as fluctuations about the 
mean value of wind speed. The magnitude 

65 of these fliKtuations is increased by surface 



irregularities and other obstructions to air 
flow as well as increases in wind speed. Pro- 
nounced topographical features, such as hilly 
or mountainous regions, valleys, dues, even 
large groups of buildings, etc., are lilcely to 70 
produce large continuous eddies. The tur- 
bulence created by these eddies as in the 
case of turbulence created by thermal pro- 
cesses increases diffusion and dispersion botii 
vertically and laterally and greatiy affects 75 
the problem of plume detection from an air- 
borne platform. 

Another serious problem) unique to air- 
borne seeps detection is the presence of arti- 
fidal sources of hydrocarbons or other pre- 80 
determined' components of interest in tiie 
atmosphere. 

Exhaust gas from automobiles, refiners, cer- 
tain manufacturing plants, etc., continuwisly 
carry unbumed hydrocarbons into the atmos- 85 
phere. Mar^ gas containing myethane and 
other hydrocarbons is continually passed into 
the . atmosphere fromi decomposing vegetation 
found iui lax]ge forested areas, marshes, 
swamps> etc. Again, the prior analyzers are ^ 
not concerned wi& this problem since they 
traverse a known path that usually avoids 
artifidad sources. In addition, the analyzers 
axe nxaintained in the inamediate vicinity of 
the pipe line or in the water so that atmos- 95 
pheric contammation by other gases is no 
problcmL 

Another problem peculiar only to air-borne 
seeps detection arises from traversing the area 
of interest at rdativeiy hidi speeds. 100 

In U.S. Patent No. 2,879,663 the truck- 
'bome pipe line lealc deteaor travels at 
approximately three to five miles an hour and 
in U.S. Patent No. 2,918,579 the craft travds 
at approximately ten knots. Applicants' air- 105 
borne naetiiod of detection is capable of tra- 
versing an area of interest up to the aircraft's 
maximum] speed'. Since the primarv function 
of the new systemi is to produce a large scale 
reconnaissance tool, it is necessary to traverse HO 
the area of interest at a mojdi greater speed 
than is possible with the prior art detectors. 
Therefore, the air-borne method faces a high 
speed detection problem as well as a 
naturally-resulting sample-pump capadty pro- H*? 
blem-. Because of the prior art's slow rate 
of speed, there is no problem in filling their 
breakout tubes or sample tubes by standard 
pumiping systems. 

StiU another problem unique to am air- 120 
borne seeps sumy is the problem of fligiht 
safety. 

This problemi is interrelated witi» and must 
be considered when solving the above-men- 
tioned problemis. Predetermined survey alti- 1^5 
tudes, speeds, fli^t patterns, etc., designed 
to compensate for plume cEspersion and dif- . 
fusion must .be made withi an eye to flirfit 
safety in the particular axea. 

Let us now consi^ the basic method, its 130 
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variations and how l^ie jJoiementioned pro- 
blecQS are solved 

Figure 1 shows a block diagram: of device 
capable of .practicing the basic inveauon. 
5 Figure 2 shows an aerial view of a seep® 
survey. 

Figure 3 shows a block diagram of a 
device capable of practicing the infrared 
variations of the basic invention. 
10 Figure 4 shows a device in block form 
desired to practice the pi^erred method of 
selectk^ andl examining. 

Figure 6 s^liows one type of scanning 
analyze:. 

15 Figure 5 shows a mosaic or nonscannmg 
type of analyzer. 

Kgore 7 shows a second type of non- 
scanning analyzer. 

Figure 8 shows a third type of non- 
20 scannmg analyzer. 

Figure 9 shcxws a block diagran^ of a 
device capable ctf paractidng the flame ioniza- 
tion variation; of the baac invention. 

Figure 10 is a graph lowing the effects 
25 of chaises in wind velocity on plnmics fromi 
various size seeps, 

Figuie 11 is a graph* showing the effects 
of changes in altitude on plirn^ length of 
a given seep". 

30 Basic Method of Air-boine Operation 

The basic method of dr-bome seeps detec- 
tion can be practiced by utilizing at least 
three main variations. Each of these vaiia- 
tions can be practiced by various types of 

35 devices. . 

The basic method of operation will be 
considered first and then the variations and 
the devices that can practice each variation 
wilL he considered. 

40 The imexpected discovery that gas plumes 
fromi naturally-oocurring seeps do not dis- 
sipate beyond recognition and that they can 
be successfully detected in the atmosphere at 
relatively great distances fromi the seeps pro- 

45 vides a basis for this first really effective lai^ge 
scale reconnaissance method. The invention, 
as set forth in the basic method, is not only 
the first air-home seeps detection method; 
it is the first direct method for oil explora- 

50 tion capable of being used as a large area 
reconnaissance tool. 

In view of the skyrocketing costs of con^ 
ventional sdsmic and other indirect methods 
of exploration and in view of the rapidly 

55 /^I'fniim'ghiTig- number of major structures that 
arc capable of being found by these indirect 
methods, the mBportance of the invention 
cannot be ovciemphasized. 
The bade air-borne se^ detection m- 

60 volves the steps of, (1) conducting an air- 
borne traverse over an area of interest by 
traversing a piedetcmaned course at a p^e^- 
determinedi altitude, (2) selecting a portion 
of the atmosqiihcre, (3) examining the sekcced 



portion for at least one predetermined comr 65 
ponentj and (4> recording the presence of the 
component witii relation to the geographical 
location of analysis. 

As will be shown below^ the majority cf 
the steps are readily distinguishable from 70 
the prior art since among other requirements 
they must solve the aforementioned problems 
not feced by prior exploration methods. 

The method can be practiced from any 
type of air-borne platform that is <aipablc 75 
of meeting the limitations set forth in the 
remainmg steps in the method. Various types 
of fixed-wing aircraft, helicopters, lighter- 
ihan-air craft, recentiy developed flying plat- 
forms and remote-controlled drones, are suit- 80 
able devices for conducting the air-borne 
seeps survey. 

The knowledge gained from Applicants^ 
extensive research and experimentation in the 
fields of naturaliy-oocurring hydrocarbon 85 
seeps, the detection of the seeps and the 
various factors that affect the detection of 
the seseps has provided an unexpected basis 
for this novd and highly useful exploration 

As wiE be discussed m mwre detail unaer 
appropriate subheadings, the variations, as 
well as the analyzing prindple» used to prac- 
tice the basic miBthod determine to a great 
extent how the pgroblems of plume dispersion 95 
and diffusion arc solved. Generally speaking, 
the topographical, cultural and meterological 
conditions in and over ihs aiea to be sur- 
veyed must be determmed. Each survey must 
be treated' individually and the thermal and 100 
mechanical problems peculiar to the ground 
over which the survey is to be made iDUSt 
be solved in a predetermined manner prior \ 
to practicing the survev. According to the 
conditions present, a suitable survey pattem, 105 
altitude or altitudes, directions, speed or 
speeds, and flight times (nigjit, day, dawn, 
twilight) are determined prior to the survey, 
Of course, if conditions change during; the 
survey, in-fli^^t compensations can be made, 110 

The act of selecting; a portion of the atmos- 
phere, along with its variations described 
under anpropriate subheadings, is distin- 
guished from the prior art by the requiie- 
rcrent to operate at a preselected altitude or 115 
altitude range. The prior art sampled water 
or air at heights determined by the surface 
level of the water or terrain involved.^ The 
present art is not physically tied to an imnse- 
diate surface confi«:uration as in the prior 120 
art but is conducted at a preselected altitude 
or altitudes, according to a pxedetermmedl 
plan which" compensates for plume disp^ion 
created by surface variations and other vary- 
ing factors. 125 

Examining the selected portion for at least 
one predetermined' component and recording 
its location widi relation to the earth arc * 
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necessary to tiie execution of the over-all 
mediod. 

After the plumes are detected and tied to 
geographical locations, it is sometirnes desir- 

5 able to conduct further air-rbome or gro.imd- 
bome seep surveys in the inomediate area to 
tie down the exact location of the seep. The 
general situation and the acoessibihty of the 
ground being investigated^ deteniancs to a 

10 great degree which means is used. 

The basic nsetihod of operation can be 
instrumented in many different ways as will 
be described in detail hereinafter. 

Figure 1 disdoses a dievice in a block 

15 form! capable oi practicing ilie invention. The 
primary comiponents mclude detector systemi 
1, recorder systeoa 3 and position locator 
system 5, Record 7 can be used as a per- 
manent record of the survey. 

20 Each system or component in Figure 1 can 
be instrumental in numeFous \7ays with cer- 
tain advant^^ accruing from each type of 
instrumentatioD!. 
Detector systean 1 may be a tAurality of 

25 detectors or a single detector. The f&ysical 
2naiQ&-up of the detector S3rstem dep^ds to 
a great extent upon the principle of detection! 
and mo^ af operation used in carrying out 
the basic method. Various modes and pnn- 

30 dples of operation tiiat can be used ard 
ways for instnmtsnting same wiH bs dis- 
cu^cd in detail under appropgriate headings. 

Reccnder system 3 can be optical, mKhf- 
anical, electromechanical or electrical. Per- 

35 manent, temporary or both permanent and 
temporary types of records can be utilized 
in die recoixier systemu As will be detailed 
bereinsrfter, the type of detector system? used 
determines to a certain extent the type of 

^ recorder system used. 

Position locator system 5 can be integral 
part of one or more of the other systemn 
or it can be a separate system.. Any type of 
position locator that is capable of tying 
45 analyzer readings to a gecgraphical location 
can be used. Shoran, Loran, radio direction 
finding systems, aerial photographs^ etc.^ can 
be utilized to furoisb the necessary infomija- 
ticm. 

50 If it is desiiaUe tQ record results of the 
survey in a permanent or semipermanent 
fashion, record 7 can be utilized. Such a 
record can be provided by recording detector 
readings on aerial photograi3h5, recording 

55 detector readings and ground positions on 
magnetic tape, iSlm and paper tace. 

Refer now to die basic method's variations 
and some of tiie ways tiiat each variation 
can be instrumented, 

60 At least two of the three different varia- 
tions capable of practicing the basic method 
utilize infrared energy, in one manner cr 
anotiier, to detect tiie preselected cocaponent 
in die atmosphere. One of these infrared 



variations can be practiced by using either 65 
of two different principles of infrared detec- 
tion. Regardless of the infrared varia- 
tion used, a natural source of infrared energy 
is utilized- as opposed to the prior art's use of 
an artificial source. As a matter of con- 70 
venience, the two infrared variations have 
been classified by the manner in which they 
receive infrared energy from the sun. The 
first infrared variation is classified as the 
indirect source sun metiiod and the second 75 
infrared variation is classified as the direct 
source sun method. 

Tiie indirect source sun method, as the 
name implies, does not utilize infrar^- energy 
received diroctiy from the sun. As will be 80 
detailed under appropriate subheadings, this 
method^ can operate by using the infrared 
absorption or die infrared emission principle 
of detection. U the absorption principle is 
used, the sun's iirfrared radiation which is 85 
reflected by the earth is utilized. If the 
emission principle is used, the sun's infrared 
radiation^ is utilized' to heat preselected com^- 
ponents in liie atmospiherc so that tiiey emit 
iheir own characteristic infrared frequencies 90 
which are detected. 

He <£rect source sun variation includes 
tioe snetixods that utilize infrared energy 
received- direcdy from the sun. 

The third or non-infrared variation of the ^5 
basic method operates without the require- 
rnient for infrared energy and utilizes the flame 
ionization principle to detect the preselected 
comiponents. 

Ind ir ect Source Siun Method 100 
All of the methods included in this classi- 
fication are emibodiments of the basic air- 
borne seeps survey method. These methods 
utihze a long patii portion of the earth's 
atmosphere in place of a test cell and the 105 
infrared absorption principle or the infrared 
emission principle of detection. The methods 
utilizing the irirared absorption principle use 
the atmosphere between the earth and the 
air-borne detector as a sample chamber. The' 110 
methods utilizing the infhaied emission prin- 
ciple can use either the portion of the atmos- 
phere between the earth! and tie air-borne 
detector or a .portion of the atmosphae 
between a pomt in the sky (otiier than the 115 
sun) and the detector. 

The advantages of the indirect source sua 
methods indude those found in the basic 
method plus the advantages accruing from the 
ability to use much higgler surveying alti- 120 
turies than is possible in other variations. 
All methods included in the indirect sooirce 
sun classification except the "point in the 
sky " variation of the emissive meriiod view 
the atmosphere betwten the detector and the 125 
earth and, therefore, are not limited by tiie 
gas pilume altitude. By increasing the altitude 
of the surv^, the area covered per traverse 
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is increased and the amount of this increased 
coverage is limited mainly by the resolutioDi 
of the optics in the system used. 

The mf rared absorptive principle can be 

5 utilized to practice the indirect somce sun 
variation by, (1) pacfonning an air-bom« 
traverse over an area of interest by traversing 
- a predetermined course at a predetenmned 
altitude, (2) selecting a portion of the atmos- 

XO phere between a detector and the earth,> (3) 
examining the selected portion for at least 
one predetermined component by measuring 
the infrared energy absorbed, and (4) record- 
ing the presence of the component with 

15 relation to the geographical location of the 
analysis. 

If the infrared emission principle is used 
to practice an indirect source sun variation, 
the following modifications in Steps 2 and 3 

.20 of the above-redted infrared absorption 
method are required. Depending on the most 
diesirable long path to be used, a portion of 
the atmosphere between the detector and the 
eartii or betweto the detector and a point 

25 in the sky is selected. In addition, the selected 
" pordon is examined for the predetermined 
component by measuring the in&raxed energy 
emitted by the preselected component or 
components. 

30 Regardless of &e type of indirect source 
sun method used, certam plhysical steps must 
be taken to minimize local surface interfer- 
. - ence with gas plume detection. 

To illustrate some of the problems in- 

35 volved in localizmg interference, refer ^ to 
Hgure 2 -wMdi discloses an air-borne vehicle 
9 executing a prepilann^ traverse 11 over a 
portion of the earth's surface 13 containing 
a Ixydrocarbon} seep 15 of a given size. At 

40- the time of the traverse -Tvind is blowing in 
a direction a& shown at a speed U, Seep 15 
is shown under conditions of two wind speeds 
U and IP whete 17 repressnts an instan- 
taneous contour of an equal parts per million 

45 concentration mider given wind speed U and 
IT represaits the same contour under a 

" greater wind speed IP. For purposes^ o£ 
daiity, contour 17 is drawn in dotted lines 
• so ^t it stanxis apart from 17*, Hie plume 

50 boundaries of eadbi contour (limits of con- 
tour movement over a given period of time) 
are represented by 19 and 19\ respectively, 
while the downwind length of each plmne 
is represented by W and respectively. As 
' 55 will be shown hereinafter, distance X between 
adjacent legs of traverse 11 is mainly depen- 
dent on wind speed U. The altitude or alti- 
tudes at whidbi craft 9 executes traverse 11 
depends uipon the basic method variation used 

60 and in some cases also upon meterological, 
cultural and topographical conditions, such 
- . as mountains 21, etc. 

Now det us consider for a moment all 
methods included in the indirect source sun 

65 classification except the "point in the sky" 



emission method. U a scanning or nonscan- 
ning type apparatus is used which only 
samples die area of interest, certain metero- 
logical conditioijs must be considered which 
can be ignored complete area coverage is 70 
used. For ezadorple^ if a scanning or non- 
scanning device is used to sample (in a con- 
ventional sawtobtibi or square wave manner) 
across and perpendicular to the direction of 
traverse, the speed of traverse must be adjusted .75 
for wind conditions affectii^ the size of the 
plume. If the' speed of traverse is not agitated 
and the scan rate is constant, it is possible 
for the detector to fly over a seep and fail to 
detect it since the plume may be located in 80 
an area where the sample scans do not over- 
lap. Therefore, minimizing interference with 
gas plume detection is important and requires 
determining the speed and direction of the 
wind as well as physical obstructicais tiiat cap 85 
change its speed and direction. However, if 
area coverage is produced, this problemt does 
not exist since the plume will be included in 
the coverage regardless of the wind conditions. 

Heavy doud conditions, smog, haze, 90 
shadows, etc., between the detector^ and the 
g3s pkme must always be determined and 
considered since their -presence seriously 
affects the success of all indirect source sun 
variations. 'Hiese conditions affect the 95- 
amount of the sun's radiation received by 
the earth and in turn the amount of infra- 
red energy reflected by die earth. In other 
words, to minimize the effect of these con- 
ditions on plume detection, it is necessary 100 
to locate and determine the amount of haze 
occurring from natural conditions, the amount 
of haze andi smoke emanating horn cultural 
conditions, such as manufacturing plants, large 
cities, etc., and the amoimt of other possible 105 
interf^enoe;, such as shadows caused by large 
nK)untains, buildings, etc. After the interfer- 
ing conditions are determined, the survey is 
• made in a manner to circumvent their effects. 
Depending on the situation, this can be done 1 10 
by flying bdow the conditions, around the 
conditions, delaying the survey until the con- 
ditions choge, etc 

Anotiter possible meterological. condition 
that can seriously affect the detection of gas 115 
plumes Is lai^ variations of hmmdity ^ 
the area of interest. The presence of these 
variable amounts of moisture in the atmos- 
phere may produce erroneous indications of 
methane due to overlapping of the methane 120 
and water vapor absorption bands in the 
in&ared energy range. 

To minimize tiiis condition, it may be 
necessary to fly under the cloiwis containing 
the moistuie, dday the survey until the clouds 125 
dissipate, bypassmg the clouds if the con- 
ditions and tiie optics of the sys^n permit, 
or> in some cases, changing the wave lengdi 
interval to be detected to one less affected 
by the particular conditions, i.e., from the 150 
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3.2 — 3.5 micxon CH^ absorpdon band; to the 55 that focus die energy on infrarsdi detec- 

2.2 — 2A inicroa CII4 absorption band tors 57 and 59. Infrared detectors 57 and 

Hie preferred method of carrying out the 59 are preselected so their sensitivity range 

isolating and detecting steps necessary in th.e indudes one or more of the component of 

5 indirect source sun variations indudes focus- interest's characteristic absorption frequency 70 

ing a filtered and an unfiltered infrared bands. Of course, tiie optical system can 

picture of the isolated .portion on a focal' be nxade frequency selective, if desired^ or, 

plane or planes and balancing the two pdc- botb can be utilized to determine the system's 

tures so their differences appear as an output over-all sensitivity range. Filter 43 (in this 

10 It should be understood^ bowever, that if case, a methane filter since the com^ponent 75 

the backgroimd level against wbidi the comr of interest is methane) used with camera 37 

ponent of interest is being analyzed does not absorbs tiie infrared energy in the methane 

vary, a balancing operation! is not required absorption spectrumi (peaces at 23, 3.4 an<i 

In that case, a single detecting unit, such as 77 microns) and] .passes the remaining infra- 

15 a Golay detector or the like, can be used red energy to head 51 and on to detector 59. 80 

as the detector systercB 1 in Figure 1. Tlie Unfilter^ camera 35 receives energy from the 

general recorder system 3 and position locator energy infrared spectrum and passes same to 

system 5 can remain the same as described' detector 57. The output energv from* thie 

hieretofore. Of course, nonvarying background infrared detectors is transmitted througb lines 

20 conditions oocur very seldom, usually in a 45 and 47 to comparator 25 in block 33, 85 

cloudless sky or during ni^t operations. Figure 3. Prior to the survevinc oneration, 

During the great majority of seeps surveys, tiie outputs of cameras 35 and 37, Figure 6, 

the conditions are such t^iat the background are adjusted to a null position so that frac- 

level must be comjxensated for. tiona! parts per million of methane (abovps 

25 The indirect source san vaiiation can be the natural background levd of 0.5 to 1.5 90 

instrumented in various -ways. parts per million) will unbalance the outputs 

Figure 3 discloses a blade diagram of a of the two canaeras. Assutcinfi: that metilane 

device capable of practicing ^s variation plumes are present in the inspected area, 

of the basic method. Hiie primary coam- outputs fxom infrared detectors 57 and 59 

30 poncnts cfisdo^ in Figure 3 include detector are" transroatted througb 45 and 47 to comn 95 

system 23, comparator 25, recorder 27, posi- parator 25 in Figure 3. Depending upon 

tion locator 29 and record 31. Components the tyipie of comiparator system used, the out- 

25> 27, 29, and 31, for case of explanation, puts are combined electricallv, optically or 

hsrdmicsr bave been induded in dsashed mficbamcally to canc^ similaritie^t and T:Tes^t 

35 block 33. ■ ^ ^ a difiEerence. Tbis difference indicates th* 10(V 

Fagure 4 disdoses a device in blo^ form jpiesence of methane plume<i in tiie insrsectpdi 

designed to carry out l3ie preferred method area and is recorded by 27 along with the 

of isolating and detecting a crederermflnod location of the detected plume, 
component Detector system 23 is shown in Various types of equipment can be utilized 

40 schematic form and includes infrared cameras to produce a suitable scanning ot?eration. The 105 

35 and 37, focal planes 39 and 41, methane scarminp: svstemi found in the infrared camera 

filter 43 and output lines 45 and 47. It ,p!roduc^ bv Barnes Encaneerin«: Com.panv of 

should be noted^ bowever, that if the " point Stamford, Connecticut, is a satisfactory instru- 

in the sky " variation of the enissivc method ment. Of course, other wdl known tvces cf 

45 described above is practiced, area coverage miechanical, electroraedaanical, etc., scannins; 110 

is not utilized since it views a -uoint instead systems for aerial pihotograph systemr* or oer- 

of aa area, sudi as a portion of the earth. tain navigational radar systems can be used. 

To -practice one of the indirect source In most cases, it is best to utilize onlv tbe 

naethods witii a scannirtg: type detector, ani proper portion- of the system and coordinate 

50 instrument, sudi as sbown in Fissure 6, can the speed of the craft so its movement pro- 115 

be used'. Figure 6 disdoses detector 23 con- duces area coverage, 

taining scaimin^ heads 49 and 51, ootical Figure 5 disdoses a nonscanning svstemi 

systems 53 and 55, preselected infrared detec- for providing area coverai^e on eadi traverse, 

tors 57 and 59, preselected filter 43 and In this systemi, area covera^:e obtained- 

55 output lines 45 and 47. by utilizin:^ a pluralitv of suitable infrared 120 

In operation, detector 23 and components detectors whose sensitivity includes the diar- 

33 are flown over an area of interest at a acteristic absorption freouendes of the com- 

presdected altitude (usually between 1,0€0 xjonent of interest. The detectors are arran^red 

and 5,000 feet above ground level depend- in a i^ihvslcal configuration so that the 

60 ing on conditions of the survev) and on a individual deteaor outimts combine to pro- 125 

ipfredetexmaned course. Scaiming beads 49 and duce a mosaic of a portion of tie earth- under 

51 are set to move ini automatic sector scan ihe traverse. Detector svstem 23 indu<fes 

across the flight course picking up infrared rectanefular groups 61 and 63 of detectors 

energy from the eartb and reflecting: same 57 and 59 arranged so that two mosaics of 

65 through) apipropriate optical systems 53 and the earth^s surface are transmitted tl^u^ 130 
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outputs 45 and 47 to block 33. Filter 43 is 
again . utilized to absorb the predetenniined 
element's infrared energy spectrum. Siuitable 
optical systems 53 and 55 are used to focus 

5 the infrared energy on detector groups 57 
and 59. Prior to conducting the surv^, the 
filtered output from 59 is balanced against 
the unfiiteied oulput from 57 to produce a 
null condition. As in the operation of Figure 

10 5, this compensates for the naturally-oocur-- 
. ring amount of the component of interest in 
the atmos^diere. 

Another type of nonscanning sjrstem^ for 
presenting area coverage substitutes two single 

15 rows of detectors for the two rectangular 
groups shown in Figure 5. One row of detec- 
tors 57 fromi group 61 and one row of detec- 
tors 59 from group 63 are arranged perpen- 
dicular to the durection of traverse. By 

20 synchronizing the speed of traverse with the 
speed of the over-all comparator and record- 
ing system 33, a modified form of " slit photo- 
graphy" is practiced; i.c.^ each row of 
individual detectors produces a total output 

25 that covers an area of earth along the fine 
of traverse. Otherwise, the system is balanced 
. and operated the same as the device described 
in Figure 6, 
Another type of nonscanning instrmnenta- 

30 tion involves the use of two commercially 
avaUable devices known as Evapographs audi 
producoJ by Baird-Atomic, Inc., of Gam- 
bridge, Massachusetts. These devices operate 
on ^le principle that oil filmt thickness on a 

35 noembrarie can be controlled by the amount 
of heat (infrared radiation) focus«i thereon. 
By monitoring an area of interest, a heat 
picture is impressed on the msmibrane. Hie 
point-to-point temperature variations alter the 

40 thidmess of the oil film on the rear of the 
memibrane and variations in thickness cause 
a white light to be reflected as different colors 
. giving a visibly colored thermal image of th^ 
ficMI of view. The thermal picture is usually 

45 recorded on film aldiough it can be moni- 
tored opticaEy or electrically* TUiis type of 
instrumentation is somewhat slower than the 
other systems describal and, therefore, the 
speed of traverse must be reduced accordingly. 

50 Tlic instrumentation can be practiced by 
a device, as showQ in Figure 4» where two 
Evapographs are used as infrared cameras 35 
and 37. The operation of tiie ov^-all device 
is the same as that described in Figure 4. 

55 Figure 7 dascloses still another type of 
nonscanning instrumentation capable of prac- 
ticing tiie indirect source sun method! of 
operation. In this cas^ detector system 23 
can be two ii^raied imiage tubes or a sin^e 

60 envelope 65 containing two viewing nedks, 
as shown in Figure 7. The tube contains a 
phosphor screen 67, cathodes 69 and 71, 
appropriate optical systems 53 and 55, filter 
43 and- control systems 73 and 75. A jdioto- 

65 graphic^ ekctrooJc or optical reading systemi 



shown schematically as 77 relays the output 
of tube 64 to recorder and position locator 79. 

In operation, infrared radiation from the 
earrii is projected through- the filtered and 
metered optical systems to cathodes 69 and 70 
71. Hie amount of electrons emitted by each 
cathode is proportional* to the amount of 
infrared energy focused thereon. One control 
system!, 73 or 75 (in this case^ 75), is con- 
structed to cause the infrared radiation pro- 75 
jected on one cathode to present a negative 
picture on the phosphor saeen 67. Hiis type 
of operation can be done in the same manner 
as practiced by a television broadcasting 
station in presenting a negative picture on a 80 
television screen. Prior to operation, controls 
73 and 75 are adjusted to cancel out the 
background level of the component of interest 
so timt a no picture condition exists on screen 
67. This is done by making die negative 85 
and positive pictures projected on screen 67 
equal so that the two pictures of the inspected 
area cancel. After the system- is balancedi, 
the component of interest is detected by an 
output (unbalanced condition) from' tube 65. 90 
This output is detected electrically, photo- 
graphically or optically by 77 and recorded 
with its appropriate ground position by 79. 
K desired, screen 67 can also be monitored 
visiKlly. 95 

Under certain conditions it may be desir- 
able to sti>stitHte two image tubes for tube 
65. Li this case, a comparator^ recorder andi 
associated elements showa as 33 in Figure 3 
can be used. Of course, the ouQJUt of one 100 
tube is reversed in polarity. The outputs of 
tiie two tubes are then balanced and operated 
electricaEy, photographically, etc., to indicate 
the presence of a component of interest by 
an unbalanced condition. 105 

Various types of position locators can be 
utilized with: the image tube system.^ If an 
intermittentiy operating locator is desired^ an 
automatic switch can be used to temporarily 
cut out one picture during the unbalpcedi 110 
condition thus causing an infrared nicture 
of the earth at an instant when a gas plume 
is detected!. This picture can be recorded 
an film by a camera positioned^ above screen 
67, If a continuous type position locator is 115 
desired, various aerial photographic systCTS- 
can be used. 

Hie "point in the sky" emission msethod 
can be instrumented by a device such as 
shown in Figure 4. However, it ^ould be 120 
noted' that rince a point in the sky (other than 
the sun) is being viewed by analyzer system 
23, the system is oriented so that it views 
the sky instead of the earth as shown. With 
the exception of the scanning heads or other 125 
type equipsnsnt to provide area coverage^ the 
device described in Hgure 4, or one its 
variations, can be used to practice tiie point 
in the sky" method. 
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Direct Source Sun Method 
Hie direct source sun method is a second 
varint'on of ihe tasic air-bome seeps survey 
method. This variation utilizes the infrared 
5 absorptioi: principle of detection, the atmos- 
phere betv/eea the dclector and the sun as liie 
.sample and the sun as the surface of infrared 
energy. 

The advsntagss of the direct source sun 

10 msthcd inc'.ude i\\oz2 found in the basic 
method plu" the advantage dmt it can be 
modined to operate on a water or land craft 
in special applications. 

In practicmg the remote source sun method, 

15 the detector must be flown or moved under 
a portion of the gas pliune so that at least 
tiiat portion is between the analyzer and' the 
sun. A flight altitude of approximately SO 
to 100 feet fulfills the requiierosnt for cover- 

20 ing a sizeaHe area per traverse and the 
requirement for insuring that the detector is 
not above the seep plume. Of course, the 
invention is not limited to a given altitude 
and with chan^g conditions and circum- 

25 stances, the most desirable altitude can vary 
materidly. 

The broad remote source sun mediod can 
be described as, (1) conducting an air-borne 
traverse over an area of interest by traversing 

30 a predetermined course at at least one pre- 
determined altitude, (2) selecting a pordon of 
the atmosphere between an ansdyzer and the 
sun, (3) exanuning the isolated portion for 
at least one predetermined component by 

35 measuring infrared energy absorbed;, and (4) 
recording the presence of the component with 
relation to the geographical location of 
detection. 

Let us now examine some of the unique 

40 steps found in the direct source sun method 
of operation. 

Althou^ minimizing local surface inter- 
ference with gas plmne detection is impor- 
tant in the indirect source sun variation, it 

45 is much] more important in the direct source 
Sim variation since the detector must move 
through at least a portion of the gas plume 
instead of looking down upon it as in the 
prior method Because of this requirement 

50 to stay within or below the gas plume, all 
of the significant meteorological, topo- 
graphical and cultural conditions that affect 
plume height (as well as plmne size and 
shape) are determined to minimize local inter- 

55 ference with gas plume detection. A cont- 
plete disQission of these conditions, how 
they may vary, how these variations affect gas 
plimie height, dispersion, etc., and how the 
detector may mmimize their affects is given 

60 \mdsr the flame ionization subheading. 

The ptefarred method of carrying out the 
sdectii^ and detecting steps in the direct 
source sun variation is the same as the pre- 
ferred method in the indirect source stmi 

65 variation. However, in this case, area cover- 



age is not used and the filtered and unfiltered 
detectors continuously or intermittentiy view 
the sun instead of a portion of the earth. 
The outputs of the two detectors are balanced 
so that a no signal condition indicates the 70 
absence of a preselected component and a 
signal indicates the presence of same. 

Figure 3 discloses a block diagram of a 
device capable of practicing the direct source 
sun variation of the basic method. In using 75 
Figure 3 to practice the direct somce sua 
operation, the same basic systems described 
in the indirect source sim operation can be 
used-. However, since the detector system 
23 is positioned to view the sun which is a 80 
point source instead of the earth whidb is an 
area source, it is not necessary to use a scan- 
ning or mosaic type system'. 

Figure 8 discloses a schematic drawing of 
a device capable of practicing the remote 85 
source sun method of operation. The detec- 
tor system! 23 includes two infrared detectors 
57 and 59 connected to a modified wheat- 
stone bridge circuit as shown. Tlie infra- 
red detectors utilize optical systems 53 and 90 
55 and an appropriate filter 43, suchi as 
descifbed in paragraphs relating to Figures 
4—7. To balance the outputs of the two 
detectors in this systems variable resistor 81 
is adjusted until meter 83 connected across 95 
tiie bridge reads zero. 

In operation, the device traverses a pre- 
determined course, at a predetermined alti- 
tude and in a mianner so that a detector 23 
continuously views the sun. When a plume 100 
containing a preseleaed component is encoun- 
tered-, the plume absorbs its characteristic 
frequencies and less infrared energy falls on 
the unfiltered detector 57 than in ti3e null 
condition. Of course, littie or no change 105 
occurs on filtered detector 59. Galvanometer 
83 indicates the bridge's unbalanced condition 
and the resulting flow of current The flow 
of current, which indicates the presence of the 
preselected component, is recorded electrically, 110 
photographically or mechanically, along with 
its geographical location by recorder and posi- 
tion locator 85. 

Flame Ionization Method 

The flame ionization method is a third 115 
variation of the basic air-bome seeps survey. 
This variation utilizes the flam.e ionization 
princip'le of detection and isolates a portion 
of the atmosphere adjacent the detector. 

The advantages of the flame ionization 120 
variation include those found in the basic 
method' plus the advantages of twenty^our 
hour operation and the ability to operate on 
a water or land traversing craft for special 
applications. 125 

In practicing the preferred embodiment of 
the flame ionization method, the air-bome 
detector flies above the eanh at a preselected 
altitude and in a preselected manner. As in 
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the direct- source sua methodj the detector 
must be flown or moved through a portion 
of the gas plume so liat a reading may be 
taken. Experience has proven that for this 

5 variation an altitude range of from 25 to 
200 feet provides good results imder average 
conditions; As in the remote source sun 
metiiod altitude ranges other than the pre- 
ferred range are also suitable depending upon 

10 tbe general conditions and drcumstanccs sur- 
rounding the survey. 

The broad flame ionization method^ can be 
described as, (1) performing an air-borne 
traverse over an area of interest by traversing 

15 a predetermined course at at least one pre- 
detennined altitude, (2) selecting a portion of 
the atmosphere adjacent an detector, (3) 
detecting li^e isolated portion for the presence 
of at least one predetermined component by 

20 flame ionization, and (4) recording the 
presence of the component with rdadon to 
the geographical location of the analysis. 

Figure I discloses a device in block form 
capable of practicing the flame ionization 

25 variation of the basic method. No scanning 
or mosaic coverage is necessary in this 
method, since tiie detector system 1 isolates 
the atmosphere adjacent the detector. Pro- 
bably the most satisfactory detector to u-e 

30 in practicing tbe flame ionization variation is 
a modified Perkin Ehner Hydrocarbon detec- 
tor. Model 213. 

Figure 9 discloses in more detail a device 
designed to perform an air-borne seeps survey 

35 by detecting the presence of hydrocarbon 
gases by the flame ionization method. Analyzer 
S7 is a Perkin Elmer Hydrocarbon Detector, 
Model 21Sa wliose senativity has been modi- 
fied to present a reading of 0.1 parts psr 

40 million fuH scale. A sample tube 89 is 
connected between intake nozzle 91 and 
detector 87, Intake nozzle 91 can be a single 
or mdti-aperture type of nozzle. It bas been 
foimd that tiie multi-aperture type is the 

45 most satisfactory for airbome work since 
it samples from a number of points, 
thus covering an area and thereby averaging 
a nmnbef of samples so that the bacl^ound 
peaks are reduce!^ die chance of missing a 

50 plume is lessened^ etc. Various nozzle con- 
figurations, such as dides, rectangles, X's, 
Y% etc., have been used. R^rdless of the 
coi^guration used, the diameter of a single 
apertuxe should pass no more tian 1/X of 

55 the total sample flow where X is the number 
of apertures. 

Referring now to Figure 2, let us assume 
that a device, such as s^owo; in Figure 9, 
is used to practice the flame ionization varia- 

60 tion^ of the basic method of conducting an 
air-borne seeps survey over an area of the 
earth's surface 13, Figure 2. 

After the area to be surveyed has been 
selected, the gk^ieral topographical conditions 

65 aie detmoined from maps, aerial photographs 



or even aerial reconnaissance. The presence 
of large topographical and cultural features, 
such as mountains, valleys and cities, are 
located. 

Next, the meteorological conditions over the 70 
area are determined. In this case, the presence 
of heavy doud formations are only considered 
for flight safety purposes since die moisture 
content does not interfere vrith the flame 
ionization process. However, large clouds 75 
of smog or other contaminants containing 
hydrocarbons should be noted. The direction 
of the windi is important since legs of tra- 
verse 11, Figure 2, are positioned perpen- 
dicular to the direction of the wind. This 80 
increases the possibility of detecting a por- 
tion of all seqps by exposing the largest section 
of the seeps to die traverse. The speed of 
the wind U is important since it is usaalljf 
the main factor in determining distance W 85 
and X. W is downwind lengtii of contour 17 
which outlines an area containing a preseleaed 
concentration of die component of interest 
(i.e., methane, ethane, hydrocarbons, etc.) at 
a particular altitude. With an increase in 90 
wind speed, length W and altitude Z of a 
contour 17 decrease. This is borne out by 
the charts in Figures 10 and 11 where Q 
represents the seep in cubic feet per hour. 

Figure 10 discloses the effects of different 95 
velocities on various size seeps. The effects 
are plotted in terms of downwind distance in 
thousands of feet versus concentrations in 
parts per million. It should be noted tiiat 
downwind distance in this chart corresponds 100 
to W in Figure 2 at ground level. 

Figure 11 shows the effects of altitude on 
a given seep. The effects are plotted in terms 
of concentration in parts per million versus 
downward distances in feet. The plots of 105 
concentration versus distance are made from 
altitudes ranging from; zero to 96 feet above 
the surface of the earth containing die seep. 

Both charts are made from data derived 
from Sutton's equation for determining dif- 110 
fusion from a point source on the surface of 
the earth. See Quarterly Journal of the Roycd 
Meteorolagicd Society QLondon), Vol. 73 
(1947), Pages 257 and 426, and Proceeding 
of the Royd Society (London), Vol 135A 115 
(1932), Page 143. 

Althou^ this data was derived from the 
equation, it has been verified by numerous 
experiments which show the test data and 
calculated data to be of the same order of 120 
magnitude. 

With the topographical, cultural and 
meterological conditions in the area deter- 
mined: and the sensitivity of the system known, 
a surv^ traverse can now be devdoped. 125 

As indicated in Figure 2, most of die area 
13 to be surv^ed is flat or rolling terrain. 
Therefore, distance X between legs of tra- 
v^se 11 is determined by wind velocity in die 
area. Assuming it is desirable to pick up all 130 
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seeps producing 5 cubic feet or more per hour 
witb die wind blowing in tiie direction shown 
in Figure 2 at a velocity U of 5 MPH, 
Figure 11 can be used to determine the mini- 

5 mum downwind distance W, Figure 2, imder 
the given wind conditions. Knowing the 
sensitivity of die survey instrument to be 0.1 
parts per million full scale (and capable of 
being read to .01 — .02 parts per million), 

10 Figure II is entered at .02 PPM concentra- 
tion. At an altitude of 24 feet, the downwind 
distance W of a 5 CFH seep is 1,100 feet. 
To insure that the seep is deteaed by at least 
one of the traverse legs 11, distance X is 

15 made less ihan 1,100 feet. If the survey is 
only interested in larger seeps, say 50 CFH 
or above, the vertical axis of Fig. 11 can 
be moved to the left by a factor of 10. Thas, 
a concentration of .02 PPMi would produce 

20 a downwind distance W of 2,000 feet at an 
altitude of 96 feet (assunnng the windi con- 
ditions remained as above). 

After the distance X and flight altitude Z 
have been det^mned for die traverse over 

25 the relatively flat portion of area 13, let us 
conisider how mountains 21 influence plam^ 
dispmi<Hi and may require a change in the 
traverse. Depending upon the height and 
extent of moutains 21, traverse 11 can be 

30 routed around or over the mountains, ff 
flight safety allows and operating condLtions 
require that craft 9 fly over the mountains, 
distance X over this part of the traverse is 
decreased Assuming that other conditions 

35 remain constant, Fi^re 11 shows how down- 
wind distance W, Figure 2, decreases as alti- 
tude Z increases for the given conditions. 
Rmemibering that large topographical 
features, sudh as moimtains, increase tur- 

40 bulcnce and gas plume dispersion, it is neces- 
sary to decrease X sufficientiy to correct for 
increased dispersion as well as increased alti- 
tude. Noting the complications arising fromi 
flying over mountains or other topographical 

45 anomalies, it is obvious that it is better when- 
ever possible to route die traverse around 
instead of over die anomalies. This is especi- 
ally true when small seeps, such as 1 to 5 
CFH, are of interest. Of course;, if infrared 

50 variations arc used, this problem is not present 
or. at least not as serious. 

In performing the survey, the device as 
shown in Figure 9 is maneuvered in craft 9 
over area 13, Figure 2. The local surface 

55 interference with gas plume detection is mini- 
mized by flying tibe predetermined conr^ 11 
at predetennined alitudes Z so that moun- 
tains 21, heavy doud formations, etc, are 
avoided or compensated for as described 

60 heretofore. A porti<Mi of the atmosphere at 
altitude Z is isolated by intake nozzle 91 
and this portion of the atmosphere is analyzed 
by hydrocarbon detector 87. Total hydro- 
carbons or ethane and methane only can be 

65 detected in the atmosphere. J£ it is desirable 



to detect ethane and methane only, a mole- 
cular sieve can be used to eliminate other 
hydrocarbons and contaminants horn the 
sample air streamt. Regardless of whether all 
or preselected hydrocarbons are detected, 70 
detector 87 operates on the flame ionization 
principle. As is well known in the aitj the 
flame ionization principle detects hydro- 
carbons by mixing a sample gas containing 
same with hydrogen and burning the mix- 75 
ture in an enclosed chamber. The burning 
ionizes combustibles in the sample and ions 
produced therefrom are collected and 
measured with the aid of surrounding elec- 
trical field. The carbon content of the sample 80 
^s is dircctiy proportional to the dianges 
in ion cuixent. 

Various types of recorders 93 and position 
locators 95 can be used. For instance, recorder 
93 can be a conventional magnetic, paper tapcj 85 
photographic or ink recorder. Position locator 
95 can be an aerial photographic type, a radio 
location type, a radar type or other well known 
devices capable of continuously or intermit- 
t^tiy showing the location of die inspecting 90 

It is to be observed that although specific 
wbodiments ci the instant invention have 
been illustrated and described herein, various 
modifications and substitutions may be made 95 
v/hkh w21 be obvious to those skilled in 
the art without departing from die scope of 
the present invention which is limited only by 
the appended claims. 

WHAT WE CLAIMIS:— 100 

1. A method of exploration for naturaUy 
occurring petroliferous deposits located below 
the surface of the earth by detecting hydro- 
carbons in the atmosphere in an area of 
interest arising from small volumes of gases 105 
seeping from the deposits comprising the steps 

of (1) establishing the distribution pattern 
for a prt^elected=, minimum volmne of seeping 
gas passing into the atmosphere under the 
meterological, cultural and topographical con- 110 
ditions which exist in the area of survey, (2) 
continuously crossing the area of survey 
following a pattern of plural traverses pre- 
determined by said distribution pattern with 
either an air-borne vehide or a surface vehicle 115 
carrying a detector for hydrocarbons dispersed 
m the atmosphere and capable of selecting 
a portion of tiie atmosphere, (3) continuously 
examining the portions of atmosphere so 
selected during said crossing for at least one 120 
predetermined component, and (4) recoiding 
the presence of said component with relation 
to the geographical location of analysis. 

2. A metiiod according to daim 1, in whidi 

the air-borne vehide conducts the air-borne 125 
traverse over an area of interest by traversing 
the predetetmmed course at at least one pre- 
determined altitwfe. 

3. A method accordii^ to either of claims 
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1 and 2y wherein the presence of the com- 
ponent and the location of said component 
are recorded in separate steps. 

4, A method according to either of claims 
5 1 and 2j wherein the portion of the atmos- 
phere is selected optically by the air-borne 
detector. 

5, A method according to daim 2, wherem 
the portion of the atmosphere is selected 

10 and isolated mechanically by the air-borne 
detecton 

6, A method according to claim 2, wherein 
the portion of the atmosphere is selected and 
isolated electromechanically by tiie air-borne 

15 detector. 

7, A mediod according to either of claims 
1 and 4> wherein a namral source of infra- 
red energy is used to examine for the pre- 
determined component 

20 8. A method according to either of claims 
1 and 4, wherein the amount of infrared 
energy in the selected portion of the atmos- 
phere is measured to esamine for the pre- 
determined component. 

25 9. A method according to either of clauns 
1 and 4, wherein the amount of infrared 
energy absorbed in the selected portion of 
the atmosphere is measured. 

10. A method according to either of claims 
30 1 and 4, wherein the amount of infrared 

energy emitted by at least one pressleaed 
component is measured in examining for the 
predetermined component. 

11. A method according to daim 2, wherein 
35 the portion of the atmosphere between the air- 
borne detector and the eanh is selected. 

12. A mediod according to claim 11, where- 
in ihe selected portion of the atmosphere is 
examined for the predetermined component 

40 by focusing a filtered and an unfiltered infra- 
red picture of the selected portion on at least 
one focal plane and balandng the two pic- 
tures so only their differences are produced. 

13. A method according to claim 1, wherein 
45 the portion of the atmosphere between the 

air-borne or surface detector and a point in 
the sky is sdected. 

14. A method according to either of claims 
1 and 13, wherdn the portion of the atmos- 

50 phere between the air-borne or surface detec- 
tor and the sua is selected. 

15. A method according to daim* 1, wherein 
the portion of the atmosphere adjacent the 
air-borne or surface detector is isolated. 

55 16. A method according to claim 15, 
wherdn the portion of the atmosphere is 
examined for the predetermined component 
by flame ionization. 



17. A prospecting apparatus for locating 
naturally occurring subsurface petroliferous 60 
deposits by detecting gas plumes originating 
therefrom comprising an air-borne vehicle 
having mounted thereon a detector capable of 
selecting a portion of the atmosphere, an 
indicator in said detector for at least one 65 
predetermined gaseous component and a 
device for determining the geographical posi- 
tion of said portion of the atmosphere. 

18. An apparatus according to daim 17, 
wherein the detector indudes at least one 70 
infrared camera. 

19. An apparatus according to claini 17, 
comprising a flame ionization detector 
mounted on said air-borne vehicle, a sample 
tube connect^ to said detector, a multi-aper- 75 
tared intake nozzle connected to said sample 
tube and exposed to the atmosphere, a 
recorder connected to said detector, and a 
position locator. 

20. A prospecting apparatus for locating 80 
naturally occurring subsurface petroliferous 
deposits by detecting gas plumes originating 
therefrom comprising a surface vehide having 
mounted thereon a detector of nattural infra- 
red energy capable of selecting a portion of 85 
the atmosphere, an indicator in said deteaor 

for at least one predetermined gaseous com- 
ponent and a device for determining the geo- 
graphical position of said portion of the atmos- 
phere. 90 

21. A prospecting apparatus for locating 
naturally occurring subsurface petroliferous 
deposits by detecting gas plumes originating 
therefrom comprising a siuf ace vehicle having 
mounted thereon an intake nozzle capable of 95 
selecting a portion of the atmosphere and 
passing the selected portion to a flame ioniz- 
ation detector for detecting the presence in 
said selected portion of the atmosphere of at 
least one predetermined gaseous component, a 100 
recorder conneaed to the detector and a 
device for determining the geographical posi- 
tion of said portion of tiie atmosphere. 

22. A method according to claim 1 of ex- 
ploration for naturally occurring petroliferous 105 
deposits substantially as hereinbefore described * 
and shown in the accompanying drawings. 

23. A prospecting apparatus according to 
claims 17, 20 or 21 substantially as herein- 
before described and shown in the accom- 110 * 
panying drawings. 

STEVENS, LANGNER, PARRY & 
ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants 
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